Cutaneous gene therapy can be envisioned through the use of keratinocyte stem cell clones in which retroviral genotoxic risks can be pre-assessed. While transactivation of cellular genes by the retroviral long terminal repeat enhancer has been proven in experimental and clinical settings, the formation of chimeric viral-cellular transcripts originated by the inefficient termination (read-through) of retroviral transcripts remains to be studied in depth. We now demonstrate the widespread presence of viral-cellular fusion transcripts derived from integrated proviruses in keratinocytes transduced with self-inactivating (SIN) retroviral vectors. We have detected high molecular weight RNAs in northern blot analysis of retroviral vector expression in individual cell clones. Characterization of some of these transcripts revealed that they originate from genes located at the proviral integration sites. One class of transcripts corresponds to fusions of the viral vectors with intronic sequences, terminating at cryptic polyadenylation sites located in introns. A second class comprises fusion transcripts with coding sequences of genes at the integration sites. These are generated through splicing from a cryptic, not previously described donor site in the lentiviral vectors to exons of cellular genes, and have the potential to encode unintended open reading frames, although they are downregulated by cellular mechanisms. Our data contribute to a better understanding of the impact of SIN lentiviral vector integration on cellular gene transcription, and will be helpful in improving the design of this type of vectors.
INTRODUCTION
In recent years, stem cell-targeted ex vivo gene therapy crossed the line of a promise to become a reality for both hematopoietic and skin inherited disorders. [1] [2] [3] As other innovative therapeutic strategies, virus-mediated gene therapy involves critical safety issues. Initial experimental work and posterior clinical trials showed that the perturbation of cellular gene expression caused by integrated retroviral vector proviruses can result in oncogenesis when proto-oncogenes in the vicinity of the integration sites are misexpressed. To date, serious genotoxic effects have been reported in some hematopoietic stem cell gene therapy protocols. 2 In contrast, a 4-year follow-up showed that skin grafts generated with genetically corrected keratinocytes from a Junctional Epidermolysis Bullosa patient do not display tumorigenic features. 1 The ability to work with individually characterized keratinocyte stem cell clones allows the possibility of extensive molecular characterization of integration events as an additional security layer in cutaneous gene therapy protocols. 4 Insertion of therapeutic proviruses may result in a variety of perturbations in the expression of neighboring genes. The most common mechanism leading to altered gene expression within or in the vicinity of the integration site is transactivation of cellular genes by viral enhancers present in the retroviral long terminal repeat (LTR) regions. This form of insertional mutagenesis has been described for both g-retrovirus and lentivirus-based vectors. Safer vectors have been developed carrying a deletion of the strong viral enhancer present in the U3 region of the LTR. In these vectors (denominated self-inactivating or SIN) transgene expression is driven by cellular promoters, achieving both increased safety and a more physiological regulation of the therapeutic protein expression. 5 Another form of insertional mutagenesis happens when transcription from a provirus inserted in the midst of a gene fails to terminate at the retroviral polyadenylation signals located in the R region of the LTR and continues into the cellular genome, resulting in viral-cellular chimeric fusion transcripts. These read-through transcripts are often processed by splicing events involving both viral and cellular donor and acceptor sites, respectively. 6 The existence of read-through transcription was originally demonstrated in cells infected with tumor-causing retroviruses, and it was found to be central to retrovirus pathogenesis. In avian leukosis virus-induced erythroblastosis, the expression of the proto-oncogene c-erb is activated by readthrough transcription initiated within the proviral DNA integrated in the EGFR locus. The resulting fusion transcripts lead to the expression of a truncated, oncogenic form of the EGFR protein. 7 Early work with avian leukosis virus-infected cells also revealed the widespread presence of read-through-generated fusion transcripts, amounting to about 15% of the total proviral transcription. 8 Clonal analysis studies showed that the generation of this class of transcripts is not restricted to a few integration sites, as all individual proviruses produced read-through transcripts in QT6 cells infected with Rousassociated virus type 1 retrovirus. 9 Similarly to intact retroviruses, retroviral gene transfer vectors also generate chimeric viral-cellular fusion transcripts due to inefficient 3¢ mRNA processing. g-Retroviral (Moloney leukemia virus)-derived vectors displayed high frequency of 3¢ polyadenylation signal readthrough, as shown in transient transfection assays of retroviral vector constructs carrying a reporter expression cassette situated downstream from the vector sequence. 10, 11 U3 deletion in SIN lentiviral vectors results in decreased RNA 3¢ processing and the increased generation of chimeric transcripts, 12 demonstrating that the U3 enhancer deletion, aimed at mitigating insertional mutagenesis by enhancer transactivation, might be the source of potentially troubling unintended transcription of viral-cellular fusion genes.
Read-through fusion transcripts have been found to cause tumors in experimental models. Transduction of murine bone marrow with a g-retrovirus expressing a marker gene resulted in the induction of murine leukemia caused by fusion transcripts between the retroviral vector and the Evi1 gene originating from both the 5¢ and 3¢ LTRs. 13 Oncogenic chimeric transcripts generated by splicing of a transcript originating in the 5¢ LTR of a lentiviral vector into the Braf gene caused leukemia in a murine model of genotoxicity. 14 The fusion transcripts described in these reports are generated from vectors with intact LTRs, and the corresponding splicing events involve the splice donor (SD) site in the intron contained in the retrovirus genome. The design of SIN lentiviral vectors, in which transgene expression is driven by an internal promoter placed downstream from the viral intron, precludes the appearance of this type of processed fusion transcripts, but SIN vectors might still able to generate chimeric viralcellular fusion transcripts. Determining the extent and characteristics of this kind of aberrant transcription is necessary to further assess the mutagenesis risk of SIN lentiviral vectors, which have been heralded as a safer alternative to intact LTR-containing vectors previously used in the gene therapy clinical trials.
In this work, we describe the widespread presence of chimeric fusion transcripts in HaCaT keratinocytes transduced with a SIN lentiviral vector carrying an internal expression cassette driven by the keratin 14 (K14) gene promoter, and characterize their structure and the mechanisms that regulate their abundance. Our approach, based on random picking and analysis of lentiviral vector-infected keratinocyte clones, is not biased by clonal dominance and therefore should reveal a representative pattern of fusion transcript generation from this class of vectors.
RESULTS
To study the gene fusion transcripts derived from SIN lentiviral proviruses, we have transduced HaCaT human keratinocytes with a lentiviral vector encoding the enhanced green fluorescent protein cDNA under the control of the K14 gene regulatory sequences, 15 and isolated green fluorescent protein positive (GFP + ) cell clones containing integrated proviruses. Northern blot analysis using a GFP probe, common to both properly terminated and read-through lentiviral vector-derived transcripts, shows that, in addition to a common transcript with a size consistent with the use of the retroviral polyadenylation signal (Figure 1a , asterisk), abundant higher molecular weight transcripts appear in every clone analyzed (Figure 1a , bracket). Unlike the main band common to all clones, the size pattern for these transcripts is specific for every clone, suggesting that these are fusions of transgenes with cellular sequences in which transcriptional termination occurs through the use of cellular polyadenylation signals different for every integration event. Polyclonal, lentiviral-transduced HaCaT cells yielded a smear rather than discrete bands (Supplementary Figure 1 ). Similar results were obtained when we analyzed HaCaT clones transduced with an Moloney leukemia virus-based, K14 promoter-driven SIN vector (Figure 1b) . These data indicate that the generation of fusion transcripts is widespread in cells transduced with SIN retroviral vectors.
To further verify the existence of read-through transcription and to determine the characteristics of the high molecular weight transcripts detected in the northern blot experiment, we performed 3¢-rapid amplification of cDNA ends-PCR (RACE-PCR) using primers in the U5 region of the lentiviral vector. We focused our analysis on clones We used ligation-mediated PCR (LM-PCR) analysis of genomic DNA from clones 3 and 5 to identify the provirus insertion sites in these clones (Table 2 ; Supplementary Figure 1) . Using this technique, we identified four insertion sites in clone 3 and seven insertion sites in clone 5. We found that one (out of two) RACE-PCR-identified transcripts in clone 5 and two (out of three) in clone 3 correspond to LM-PCR-identified insertion sites. In these clones, for which we know both the genomic integration site and the sequence of the fusion transcript derived from this integration event, we could infer the RNA processing mechanism that generates the fusion transcripts. We found that RACE-PCR-cloned transcripts correspond to fusions between the 3¢ end of the lentiviral vector and cellular intronic or intergenic cellular sequences. These transcripts make use of cryptic polyadenylation sites in the cellular genome and do not contain exonic sequences.
To determine whether these transcripts correspond to the high molecular weight RNAs detected by northern blot analysis of lentiviral-transduced keratinocytes using GFP as a probe (shown in Figure 1a ), we derived PCR probes from them to rehybridize the blot originally probed with GFP. Probes in intronic regions of ATP10D and DIRC3 genes, corresponding to intronic fusion transcripts isolated by RACE-PCR in HaCaT clones 3 and 5, respectively, detected bands exclusively in the lanes corresponding to each of these clones Overlapping bands were previously detected with the GFP probe, confirming that these bands correspond to fusion transcripts between the vector and cellular sequences.
The absence of exonic sequences in RACE-PCR-identified fusion transcripts prompted us to study whether transcripts containing exonic sequences, but lacking parts of the vector due to splicing (and therefore not amenable to U5 priming based-RACE-PCR) might also exist. Therefore, we set out to perform exon-specific RT-PCR, using sets of primers upstream in the viral vector (in the GFP-coding sequence) and in exons of targeted genes in the same transcriptional orientation as the vector proviruses, previously mapped by LM-PCR. Using this approach, we were able to detect seven transcripts derived from HaCaT clones 3 and 5. All transcripts corresponded to processed fusions between the viral sequence and coding regions of cellular genes. A common cryptic SD site located in the 5¢ end of a 105-bp long residual fragment of the HIV-derived, deleted NEF gene (dNEF fragment) within the vector sequence was found in six out of seven transcripts (Figures 3a-f; Supplementary Figure 1 ). As these transcripts skip the 3¢ LTR sequence of the lentiviral vector, they are not amenable to cloning with our original RACE strategy, as we had speculated.
When performing new northern blot analysis of HaCaT clones (or by reprobing blots used in Figures 1 and 2 ) with probes specific for exonic sequences corresponding to fusion transcripts between the viral vector and coding regions. We were not able to detect any band (data not shown). This suggests that this class of transcripts is less abundant (under the detection threshold of northern blot) than fusion transcripts originated between viral sequence and non-coding regions, readily detectable by northern blot (Figure 2b) .
As the lentiviral vector that we used contains a GFP expression cassette, fusion transcripts between the viral vector and coding regions of cellular genes contain an open reading frame (ORF) upstream of exon junction complexes. These fusion transcripts might be susceptible to recognition and degradation by the non-sense-mediated decay (NMD) machinery, which normally degrades transcripts containing mutations resulting in a premature termination codon. To test whether vector-exonic fusions are indeed regulated by the NMD system, we performed RT-PCR detection of these transcripts in RNA samples from cell clones treated with cycloheximide, an inhibitor of NMD-mediated degradation of premature termination codoncontaining transcripts. 16 We found a remarkable increase in the amount of vector-cellular coding region fusion transcripts in cells treated with cycloheximide, as compared with untreated or mock (ethanol vehicle) treated cells (Figures 4a-e) . The only exception was a fusion transcript between the lentiviral vector and the 3¢ part of the FMN1 gene coding region, resulting from the insertion of the vector (Figure 2 ).
Lentiviral vector transcriptional read-through in keratinocytes D Almarza et al
into the last intron of the FMN1 gene, whose level was not increased by cycloheximide treatment (Figures 3e and 4f) . We also verified that cycloheximide regulation is specific for fusion transcripts containing coding sequences. In fact, the levels of both a lentiviral-intronic fusion transcript expressed in clone 5 (ATP10D fusion) and a transcript from a housekeeping cellular gene (PCK2) did not change by cycloheximide treatment (Figures 4g and h ). These results strongly suggest that vector-coding regions fusion transcripts are specifically downregulated by the NMD cellular machinery, and are therefore less abundant than transcripts fused to non-coding regions.
DISCUSSION
We have previously demonstrated the feasibility of single stem cell clone-based cutaneous gene therapy, opening the way to clinical protocols based on individual analysis and risk pre-assessment of vector insertion-related events. 4 Recently, a SIN lentiviral vector capable of targeting gene expression to the basal cell layer of the epidermis has been characterized in a realistic pre-clinical setting for Junctional Epidermolysis Bullosa gene therapy. 15 Although no adverse effect involving insertional mutagenesis has been described yet for this type of vectors, extensive biosafety characterization before proceeding to clinical stages will contribute to the development of harmless gene correction. A genotoxicity mechanism that has attracted considerable interest for gene therapy biosafety is the generation of chimeric viral and cellular transcripts. 10, 17, 18 We have therefore focused our study on the insertional mutagenesis effects caused by inefficient 3¢ RNA processing of retroviral vectors, as the extent and characteristics of this kind of transcription from SIN vector insertions have not yet been fully determined. Our study shows readily detectable, and therefore abundant, read-through-derived viral-cellular transcripts in all K14-enhanced green gluorescent protein SIN lentiviral and g-retroviral vector-infected keratinocyte clones analyzed by northern blot (Figures  1a and b) . This is a significant finding, as the extent of read-through transcription of SIN retroviral vectors had been estimated before only in transient transfection analysis of vectors carrying a 3¢ reporter cassette, 10, 12 but not in the genomic scenario of integrated vector proviruses. It is, however, consistent with an original estimation of read-through transcription from avian leukosis retroviruses at 15% of total proviral transcription. 8 In agreement with previous work on 3¢ reporter activation using transient transfection assays of SIN vector constructs, 10 we found comparable levels of read-through transcription from our K14 promoter-driven SIN g-retroviral and lentiviral proviruses, as estimated by northern blot analysis of viral-cellular fusion transcripts. Therefore, both vectors seem to carry comparable risks concerning this mode of insertional mutagenesis.
We focused on the characterization of K14 SIN lentiviral vectorderived transcripts, and found two different classes of fusion transcripts. The first type, that we detected by 3¢ RACE-PCR with primers in the U5 region of the viral vector, contain the unspliced vector sequence, up to the 3¢ end of the vector, fused to non-coding, intronic or intergenic cellular genomic DNA regions. The second class, identified using RT-PCR with primers in exons of cellular genes specific for every insertion mapped, contained a fragment of vector sequence fused to coding regions of cellular genes transcripts. The structure of these transcripts is coherent with provirus read-throughderived mRNA being processed through splicing from a cryptic donor site placed in the 5¢ end of the HIV-1 Nef fragment present in the vector (dNef), to acceptor sites corresponding to the first or immediately following exons in cellular genes at the insertion site (Figure 3 ). To our knowledge, this dNef fragment is present in most HIV-1-derived third-generation lentiviral vectors, 19 so the occurrence of this kind of spliced transcripts could be expected from other SIN lentiviral vector carrying this design. However, future high-throughput analysis Figure 1a) . Figure 3 Structure of chimerical transcripts containing lentiviral and gene coding regions. Exon-specific RT-PCR was used to identify spliced fusion transcripts expressed in clones 3 and 5 using primers complementary to green fluorescent protein positive (GFP) and to exonic regions of the genes in insertion sites previously identified by LM-PCR and with forward orientation relative to the vector. Transcripts in a-f are generated by the use of a cryptic donor splice site in the residual dNEF sequence of the vector. Transcript in g is generated by the use of a cryptic donor splice site in the Woodchuck hepatitis virus post-transcriptional regulation element (WPRE) sequence. Black bars, amplified cDNA sequence; dashed lines, splicing events; F and R arrows, primers used to amplify cDNA; dNEF, residual NEF gene sequence of the vector; dotted box, exon sequence joined to the vector.
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D Almarza et al of viral-cellular fusion transcripts will be necessary to obtain a quantitative assessment of the structure of fusion transcripts generated from this type of vectors. Generation of oncogenic transcripts had been found to occur through splicing of fusion transcripts derived from intact LTR-containing retroviral vectors into cellular genes. 13, 14 The donor site in these splicing events belongs to the retroviral intron present in these vectors. We now show that, although transcripts derived from SIN vectors do not necessarily contain introns with consensus SD sites, splicing of fusion transcripts still takes place through the use of cryptic SD sites. The donor site in dNef was used in six out of seven coding region-containing fusion transcripts analyzed (Figures 3a-f) , showing that this is a previously not described, recurrent splicing donor site in the HIV-1-derived lentiviral vectors. For one of the transcripts, we found a different cryptic splicing donation site in the Woodchuck hepatitis virus posttranscriptional regulation element sequence of the lentiviral vector (Figure 3g) , showing that, in addition to the one in dNEF, other cryptic donor splice sites can exist in the lentiviral sequence, and more might be revealed in future studies of SIN retroviral vector insertional mutagenesis. We used probes derived from the fusion transcripts to reprobe the northern blot originally hybridized with a GFP probe able to detect both properly terminated and read-through transcripts from the K14 SIN lentiviral vector. Strong bands were obtained when using probes from intronic (ATP10D and DIRC3 genes introns) fusion transcripts, but no signal was found when using probes corresponding to exonic fusion transcripts. This difference in detection thresholds might reflect the increased abundance of intronic compared with exonic fusion transcripts. This might be due to the decreased stability of exonic fusion transcripts associated to their particular structure, with an ORF upstream of exon-exon junctions, which make them susceptible to degradation by the NMD RNA degradation pathway. This is consistent with our finding that exonic fusion transcripts are stabilized by treatment of the cells with cycloheximide, a compound known to inhibit the NMD pathway (Figures 4a-e) .
Although our data show that abundant read-through-derived viral-cellular fusion transcripts are generated upon SIN lentiviral vector integration, their potential for triggering oncogenesis might be relatively limited. On one hand, many of these transcripts contain only non-coding cellular genomic sequences, as coding region-containing fusion transcripts are kept at low levels by cellular mechanisms. On the other hand, the likelihood of oncoproteins being produced from fusion transcripts containing protein-coding regions is limited, given the presence of a transgenic ORF upstream of the putative cellular ORF, which would result in decreased translation of the cellular ORF. Still, the production from these transcripts of low levels of oncoproteins that might be enough for cellular transformation can not be completely ruled out, as some non-sense transcripts are known to evade the NMD pathway, 20 and transcripts containing upstream ORFs can be translated at low levels. 21 Also, the possibility for oncogenic growth triggered by fusion transcripts between the viral vector and non-coding cellular genomic sequence exists. Many microRNAs, long non-coding RNAs and other non-coding RNAs with regulatory functions are encoded in introns and intergenic genomic regions. As an important fraction of the genome is transcribed to generate non-coding RNAs, the possibility that these physiologically relevant genetic elements might be included in viral-cellular fusion transcripts and expressed inappropriately with Lentiviral vector transcriptional read-through in keratinocytes D Almarza et al potential genotoxic effects cannot be ignored. In fact, oncogenic microRNA cistron activation has been described in experimental tumors generated by murine leukemia provirus integration, proving that proviral-driven transcription of microRNAs is a realistic mechanism of tumorigenesis. 22 This work sheds light on the molecular consequences of readthrough transcription of SIN lentiviral vectors and provide new information that should be taken into account when designing improved SIN lentiviral vectors, to address potential risks derived from inefficient 3¢ vector RNA processing. Our data support the notion that changes in vector design such as the inclusion of stronger termination signals 17 or modification of recurrent cryptic SD sites might improve retroviral vector RNA processing, adding an additional layer of safety to gene therapy. The feasibility of achieving both safety pre-assessment of genetically modified epidermal stem cell clones and improved gene transfer vectors enhances even more the development of minimum risk ex vivo cutaneous gene therapy protocols.
MATERIALS AND METHODS
Cell culture
HaCaT keratinocyte cells (a gift from Dr Petra Boukamp, DKFZ, Heidelberg, Germany) were cultured in monolayer at 37 1C with 5% CO 2 in 100 mm culture dishes with Dulbecco's Modified Eagle's Medium (GIBCO BRL, Barcelona, Spain) supplemented with 10% fetal bovine serum, penicillin and streptomycin.
c-Retroviral and lentiviral gene transfer
In all, 5Â10 5 HaCaT cells at 25% of confluence were incubated with 5Â10 6 infection units per ml of lentiviral (pRRLsin-18.pptK14-GFP Woodchuck hepatitis virus post-transcriptional regulation element) or g-retroviral (Delta-Moloney leukemia virus-K14-GFP) SIN vectors, pseudotyped with vesicular stomatitis virus glycoprotein G. Cells were incubated with vector supernatants for 6-8 h in the presence of polybrene (8 mg ml À1 ). Transduction efficiencies of X95% were achieved.
Keratinocyte cell cloning
Transduced HaCaT cells were maintained in culture until 70-80% confluence was reached. Cells were then trypsinized and clones were obtained by limiting dilution. GFP + keratinocyte clones were picked up and expanded in culture for further analysis.
Lentiviral insertion analysis
Proviral integration sites were cloned by LM-PCR as described elsewhere. 23, 24 Briefly, genomic DNA was extracted from 1 to 5Â10 6 cells, digested with MseI and NarI to prevent amplification of internal 5¢ LTR fragments and ligated to an MseI double-strand linker. LM-PCR was performed with nested primers specific for the LTR and the linker. PCR products were shotgun cloned using the TOPO TA cloning kit (Invitrogen, Carlsbad, CA, USA) into libraries of integration junctions, which were sequenced to saturation. Sequences were mapped onto the human genome using the BLAST genome browser (University of California Santa Cruz Human Genome Project Working Draft, March 2006). A genuine integration contained both LTR-specific and linker-specific sequences and a genomic sequence featuring a unique best hit with X95% identity to the human genome. Oligonucleotides used in the experiment are listed as follows: linker+ 5¢-GTAATACGACTCACTATAGGGCTCCGCTTAAGGGAC-3¢; linkerÀ 5¢-PO 4 -TAGTCCCTTAAGCGGAG-NH 2 -3¢; HIV-1 3¢ LTR primer 5¢-AGTGCTTCAAGT AGTGTGTGCC-3¢; HIV-1 3¢ LTR nested primer 5¢-GTCTGTTGTGTGACTCT GGTAAC-3¢; linker primer 5¢-GTAATACGACTCACTATAGGGC-3¢; linker nested primer 5¢-AGGGCTCCGCTTAAGGGAC-3¢.
Cloning of viral-cellular fusion transcripts
Total cellular RNA was isolated using TRIzol reagent (GIBCO BRL), extracted by chloroform and purified with RNeasy Minielute Cleanup Kit (Qiagen, Valencia, CA, USA). For cloning of fusion transcripts without exonic regions RNA was reverse transcribed using 3¢ RACE CDS Primer A following the manufacturer's instructions (Clontech, Palo Alto, CA, USA). The cDNA was amplified by 3¢ RACE-PCR using a specific primer in the U5 region of the lentiviral vector 5¢-AAGTAGTGTGTGCCCGTCTGTTGTGTGA-3¢ and a Universal Primer A Mix (Clontech). In all, 5 ml from a 1:60 dilution of the first 3¢ RACE-PCR reaction was used for a nested PCR using a specific nested primer in the U5 region of the lentiviral vector 5¢-CCCTCAGACCCTTTTAGT CAGTGTGGA-3¢ and a Nested Universal Primer A (Clontech). Both 3¢ RACE-PCR and nested PCR were carried out following the manufacturer's instructions (Clontech).
For cloning of fusion transcripts containing exonic region single-stranded cDNA was obtained using oligo-dT primer, M-Moloney leukemia virus Reverse Transcriptase and RNaseOUT (Invitrogen), according to the manufacturer's protocol (Invitrogen). cDNA was amplified using 100 ng of cDNA, 0.35 mM of the designed specific primers and 5U of Expand High Fidelity PCR system polymerase blend (Roche, Basel, Switzerland). Primers used in the experiment are listed as follows: GFP forward 5¢-GTGAACGGCCACAAGTTCAG-3¢; NAV 3 exon 30 reverse 5¢-TCAGAGAGCCCACATGATGA-3¢; STK 36 exon 20 reverse 5¢-CAATAGACAGGCTGCTGCAC-3¢; TRAF 2 exon 6 reverse 5¢-AATCTGCA AGGGACTGGACA-3¢; MLL 3 exon 33 reverse 5¢-TCCCACTTAAGCGTGC TTCT-3¢; HOOK 3 exon 22 reverse 5¢-AAGCTGGCTGAGTTTCCTGA-3¢; 
Northern blot analysis
Total cellular RNA was isolated and purified as described above. Purified RNA was electrophoresed on 1.2% agarose-formaldehyde gel, blotted onto nylon membranes and hybridized with a 32 P-labeled enhanced green fluorescent protein probe to detect retroviral transcripts. For chimeric viral-cellular transcripts analysis, genomic probes obtained from intronic regions of cloned fusion transcripts situated in DIRC3 and ATP10D loci were used to rehybridize the enhanced green fluorescent protein-stripped blots.
Analysis of NMD
To determine whether fusion transcripts stability is regulated by the NMD pathway, HaCaT cells from clones 1 and 3 were treated with a solution containing cycloheximide (Sigma-Aldrich, Madrid, Spain). A 100-mg ml À1 ethanol solution of cycloheximide was diluted to a final concentration of 50 mg ml À1 in cell culture medium. After 8 h of incubation, cells were harvested after trypsin treatment and RNA was extracted.
